The use of mebendazole-treated diet (60 ppm) effectively controlled Hymenolepis nana and Aspiculuris tetraptera in a large mouse breeding colony. In a 3 generation pilot study using a medicated diet, there was some reduction in litter size and in female growth rate and an overall 2· 07070 incidence of kinky tails in the offspring.
Summary
The use of mebendazole-treated diet (60 ppm) effectively controlled Hymenolepis nana and Aspiculuris tetraptera in a large mouse breeding colony. In a 3 generation pilot study using a medicated diet, there was some reduction in litter size and in female growth rate and an overall 2· 07070 incidence of kinky tails in the offspring.
When the whole mouse colony was fed mebendazole-treated diet, a high incidence of kinky tails (maximum 46% of weaned offspring) occurred.
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A breeding colony of about 20000 Porton strain mice was found to be infected with Hymenolepis nana at a 3-monthly routine quality control check. Further investigations showed that H. nana was present in faeces from 13/30 mouse boxes, representing all ages and parts of the colony. Aspiculuris tetraptera eggs were also found in 3 boxes.
Continuous medication in the pelleted diet with thiabendazole (0'1 %) had previously proved a simple and effective means of eradicating oxyurids in mice (MacArthur & Wood, 1978), but had not proved effective against H. nana after 6 months treatment (unpublished observation). This paper reports the results of a study to evaluate the efficacy of treatment of mice with mebendazole-treated diet and to assess any toxic effects. The whole colony was subsequently treated. Received 10 February 1987; accepted 7 January 1988 Materials and methods
Management of the colony
Breeding of Porton strain mice was carried out using harems of 2 males with 10 females. The females were mated approximately every 7 weeks. The mice were fed irradiated PMD diet (Labsure, Lavender Mill, Manea, Cambridge PEI5 OLU) and given acidified drinking water (0'024% HCI, pH 2'5-3'0) (McPherson, 1963) . Routine quality control of the colony involved the autopsy of randomly selected groups of mice (weaners, 6 weeks old, cast breeders) at 3-monthly intervals. Samples were taken for routine bacteriology, histology of the major organs and parasitology.
Faecal pellets were examined by flotation in saturated salt (NaCl) solution for eggs, and the small intestine, caecum and colon contents were examined with the naked eye for adult worms. Wet smears were made of caecal contents in saline to look for worm eggs, coccidial oocysts and other protozoa, and iodine-stained smears were examined for amoebic cysts. At the time of this investigation, the colony was infected with Eimeria falciform is and Entamoeba muris, and occasionally flagellates were found. Histological examination of gut for larval stages was not carried out.
Pilot study Efficacy of treatment
There were equal numbers of males and females in each group. Ten 3-4 week and ten 5-6 week old mice were killed and intestinal contents and faeces were examined for H. nana to determine the extent of the infection in these age groups.
Forty-eight 3-4 week and forty-eight 5-6 week old mice were housed 12 per box in single sex groups and fed irradiated PMD diet containing 60 ppm mebendazole (Mebenvet, Crown Chemical Co Ltd, Lamberhurst, Kent) incorporated by the diet manufacturer. Eight mice from each group were killed at 2-week intervals and examined for intestinal worms. Similar groups of control mice, fed nonmedicated irradiated PMD, were killed at the same time.
Effect on breeding and production
Ten pregnant (19 days) females were fed mebendazole (60 ppm) medicated diet and the litter sizes and preweaning losses recorded. Ten 6-week-old female and 5 male mice were mated in trios and allowed to produce 2 litters per female (FI generation). Ten males and 20 females were then selected at random from the first litters of the FI generation, placed in trios and allowed to produce one litter per female (F2). From these F2 litters, 5 males and 10 females were mated similarly to produce one litter (F3). The FI and F2 mice selected randomly for breeding were weighed at weaning and at 6 weeks.
Mebendazole-treated diet was fed throughout. Similar groups of control mice were fed untreated diet.
Toxic effects
Any developmental abnormalities were recorded. Autopsies were carried out on any sick mice or postweaning deaths. Any abnormal organs plus the liver, kidneys, adrenals, bladder, spleen and stomach were examined histologically by standard methods. All mice in the group killed at 12 weeks were examined for gross postmortem lesions and histological examination was carried out on the above mentioned organs, as well as the brain, pancreas, small intestine, caecum and colon, uterus, ovary or testis.
Baskerville, Wood & Newton a later stage when H. nana infection recurred, mebendazole (30 ppm) was fed to the colony for 6 weeks.
Routine quality control monitoring was continued at approximately 3-monthly intervals. Radiography was carried out in some mice showing abnormal tails.
Statistics
Results were analysed using the Student's t-test.
Results

Pilot study Efficacy trial
At the start of the trial, one of 10 weaners and 6 of 10 aged 5-6 weeks were infected with H. nana. A. tetraptera was found in routine colony checks at this time, but not in these groups. The effects of feeding the treated diet on the incidence of H. nana are shown in Table I . H. nana was not found in treated mice, but was present in each control group. A. tetraptera was not found in either treated or control groups. The effect on breeding and production The litter sizes of the 19-day females were similar in the treated and control groups, but the neonatal P=O,0003.
All other litter size differences were not significant. Where 2 litters were born in one box on the same day and could not be distinguished, the total for 2 females was noted.
Generation FI F2 losses were higher in the former (Table 2) , though not significantly so. In the 3-generation study ( Table 3) the mean litter size remained fairly constant in control animals, but there was a marked reduction in the treated F3 generation. There were no significant differences in losses between treated and controls in any generation, but losses in Fl control 2nd litters were higher than in 1st litters, It was not possible to establish the causes of death. The treated diet did not adversely affect the growth rate of male offspring though there was a small but significant reduction in female growth. (Table 4) .
Pathology
In the mice weaned in the treated groups in the 3-generation study there was an overall incidence of 2· 07070(6/290) kinky tails.
The abnormality was confined to the first litters of the Fl generation (approximately 9% incidence), subsequent litters were normal. This defect had occurred occasionally in the breeding colony «0'01 %).
About 60% of the control and treated mice killed at 12 weeks in the efficacy trial had mild focal infiltration of lymphocytes and a few plasma cells, both perivascular and beneath the renal pelvic epithelium in the kidney. Similar lesions were found at routine quality control autopsy in the colony.
One original weaner which died after 4 weeks treatment had acute cystitis, pyelitis and necrosis of the renal papillae.
In the breeding trial, 2 of the original heavilypregnant treated group became ill after 20 and 25 days' treatment, respectively, each having raised a litter. They showed necrotic foci in liver, lung and heart muscle, one with unilateral necrosis of the renal papilla. All controls were clinically normal. No signs of illness were seen in young adults mated at the start of the trial nor in subsequent generations.
Whole colony treatment
All mice examined at 3 weeks and 12 weeks after starting the treated diet (60 ppm) were negative for H. nana and A. tetraptera. The 12 mice examined 3 months after reverting to nonmedicated diet were also negative. Intestinal coccidia and amoebae were still present. After 6 months on non-medicated diet 1/12 in the routine sample was positive for H. nana and at a further examination shortly afterwards, 4/20 were positive.
During treatment preweaning losses in the breeding colony rose slightly from the average normal level (130/0) to around 16% with a maximum of 348 of 1547 born in one week (22' 5%) (Fig. 1) . A high incidence of deformed tails occurred in the offspring of mice fed mebendazole throughout pregnancy. The increase started in mice conceived during the first week of treatment (22 of 804 at weaning) and cnSO c " §..40
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Baskerville, Wood & Newton rose to a maximum of 358/786 born in one week (Fig. 1) . The tails were kinked at a variable distance from the tail base, sometimes at several points and in different planes (Fig. 2) and the length was sometimes reduced. Radiography showed that some of the caudal vertebrae were abnormally long and often sharply angled. Histological examination of kinked tails confirmed the radiographic findings. No other abnormalities were detected.
Subsequent treatment
After reinfection, treatment of the colony with 30 ppm mebendazole for 6 weeks failed to eradicate H. nana.
Discussion
The infection was thought to have originated from contamination by wild mice. Eradication or control of H. nana was thought necessary to reduce the hazard to other species housed in the same building and to staff. Although the strains of H. nana in rodents and humans may be physiologically different, cross infection is readily possible (Muller, 1975) . Control of A. tetraptera was also desirable.
H. nana is reported to be very difficult to eradicate without Caesarean derivation, since kinky tails Ii n offspring conceived during the week pre weaning lo ss Week during which conception occurred
in diet avera ge --preweaning losses for previ ou s 9 months Fig. 1 . Incidence of kinky tails and preweaning losses during mebendazole treatment of whole mouse colony. Taffs, 1975) , but the trial only involved small numbers of individually housed adult mice. Mebendazole is used routinely in several animal species against a wide range of nematodes and cestodes. It has been shown to be active against Taenia cysticerci in mice (Borgers et al., 1975) .
Single treatment doses of mebendazole were used in mice by Sharp and Westcott (1976) against oxyurid worms. Doses of 10-100 mg/kg body weight produced no signs of toxicity, but the lower end of the dose range was not very effective.
In our pilot study, 60 ppm mebendazole in the diet, equivalent to about o· 3 mg per adult mouse per day, killed 100% of H. nana adult worms in the intestine. The diet containing this level only caused a reduction in litter size after use for 3 generations. The slightly reduced growth rate in females and the 2,070/0 incidence of distorted tails was acceptable for proceeding with treatment of the whole colony. However, the incidence of deformed tails was considerably greater when the whole colony was fed treated diet than in the pilot study. Delatour and Richard (1976) reported that doses of9'8-14'7 mg/kg mebendazole produced a range of teratogenic effects, particularly hydrocephalus, in rats when fed from 8 to 15 days of pregnancy. The middle week of gestation in mice is thought to be the most sensitive for many organ systems; formation of the tail bud occurs at 9, 5 days and chondrification at 13 days (Rugh, 1968) . Subsequent experience in our mouse colony showed that reduction of the level of mebendazole in the diet to 30ppm was ineffective in controlling H. nana. The drug is therefore very limited in its usefulness for treatment of breeding female mice.
For non-breeding mice, 60 ppm mebendazole in the diet appears to be an effective means of controlling a combined H. nana and oxyurid infection with insignificant toxic effects. The mice from the colony examined 3 months after discontinuing treatment were all negative for H. nana and A. tetraptera, indicating that the 3-month treatment period was probably sufficient. However, a low level of infection in a large colony could be missed. 
